ID 190 B9^. 



DOCOBXIT BESOBE 



CX 026 564 



TIItB 



mSIlTOIIOH 



POB DATE 
VOTE 

EDfS PBICE 
DESCBIPTOBS 



IDEVTIFIEBS 



Bilitary Carricnia for Tccational & locliDical 
EdQcatioD. Basic Electricity and Eloctronics. C&BIE&C 
ft-100-0010< HodQle 2U: ffave shaping Circuits. Stody 
Booklet. 

Chief of Baval Edacation and Training Sapport^ 
Pensacola^ Fla.: Ohio State Oniv.f Coluibus. Rational 
Center for Beeearch in Vocational Education. 
1 »pr 77 

123p.t For related docnients see CE 026 560*593. 

flr01/PC05 Pins Postage. ^ 
^Electric Circuits: *Electricityt ^Electronicst 
Individnalised Instrnction: teaming ictivitiest 
learning Bodnlest PostsecondarT Edncatioat Programed 
Instruction t ^Technical Education 
Bilitary Curricnloe Project: Havefors knalysist vave 
Generators: ^Bave Theory 



IBSTBICT 

This individnalized learning eodole on ira?e*shaping 
circuits is one in a series of sodules for a course in basic 
electricity and electronics. The course is one of a nueber of 
eilitary*devcl6ped curriculum packages selected for adaptation to 
vocational instructional end curriculue developaent in a civilian 
::^ttin9. Three lessons are included in the sodules: (1) Clippers^ (21 
Claepers^ and O) Integrators/Differentiators. Each lesson follows a 
tyfical foreat including a lesson cverviee^ a list of study 
resouroeSf the lesson content^ a prograeeed instruction section^ and 
a lesson sussary. (Progress checks are pro'dded for each lesson in a 
8epa£ate docusent^ CE 026 566.1 (IFM 



************* ******************** 

e Beproductions supplied bv EDBS are the best that can be eade * 
* ftos the original docusent. * 

**M** ***************************************************** ************ 



3ii 



I 




CHIEF OF NtAVAL EDUCATION AND TRAINING 
1 APRIL 1977 



THU OOCWMINT MAS tClN tiPAO. 
OVCID IKACTtV M tiCilVlO fMm 

ITATID PO MOT NiCHMtLV M^Z- 
SCNTO^PlClALHATlOWALINiTlTVTeOr 



1. -V'^V 




I ^ > 




BASIC ELECTRICITY AND ELECTRONICS.. 
MODULE 24, WAVE SHAPING CIRCUITS, 
STUDY BOOKLET. 



tESEMN» M VOCimOML EDU(^ 

THE OHO STATE IMWERSlTY t^jjeii 



MOJTMV CURRICULaM VSPOSBIMS 



The ndlitary^-deyelGped curri^ulun materials in this cxxirse 
padcage were selected b/ the Naticnal Center £pr Researd> in 
\K3catibnal EduK^tion Militaty Ourricu^un Project far disseni- 
inatiosi to the six ceglonal Curriculum Ooordination Centers and 
other instructional ii£iterials agencies. The poxpose of 
disseminating tiiese courses was to curriculiia materials 
dsveicped by the military ncre acoes:?ible to vocational 
educators in the civilian setting* 

The course materials were aojuired, evaluated by project 
staff and practitioners in the field, and prepared tar 
dissemination* Materials which were specific to the lilitary 
were deleted, copyrighted materials were either omitted or appro- 
wd for their use was obtained. These course packages contain 
GorriculiEii reeouroe materials which can b& adapted to support 
vocatijonal instruction and curriculum developnent* 
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Curriculum Materials 
Oiissemination Is . . . 



What Materials 
Are Available? 
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How Can These 
ItAaterials Be Obtained? 



J 



. an activity to increase the »ce$sibility of 
military<leve)oped curricutuin materials to 
vocatfonal md technical educators. 

This project, funded by the U.S. Office of 
Education, includes the identification and 
aoquisitfon of curriculum materials in print 
fornf from the Coast Guard, Air Force. 
Army, Marine Corps and Navy^ 

Access to military curriculum materials is 
piwided through a "Joint Memormdum of 
Understanding" between the Office of 
Education dnd the Department of Defense, 

pie acquired materials are reviewed by staff 
and st^ject matter specialists, and courses 
deemed applicable to vocational and tech- 
nical education are selected for dissemination. 

The National Center for Research in 
Vocational Education is the U,S. Office of 
Education's designated representative to 
wqulre the materials and conduct the project 
activities. 

Prcjeet Staff; 

Wesley E. Budke, Ph.D., Director 
Natianit Center Clearinghouse 

Shirley A. Chase. Ph.D. 
ProfectiDifector 



One hundred twenty courses on microfiche 
(thirteen in paper form) ^ descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi* 
nation. 

Course materials include programmed 
instruction, curriculum^ outlines, instructor 
guides, student workbooks and technical 
manuals. 

The I20^urse$ represent?the following 
sixteen vocational subject areas: 



Agriculture 
Aviation 
Building & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Drafting 
Electronics 
Engine Mechanics 



Food Service 
Health 

Heating 8t Air 
Conditioning 
Machine Shop 
Management & 
Supervision 
Meteorology & 
Navigation 
Photography 
Public Service 



The number of courses end the subject areas 
represented will expand as additional mate- 
rials with application to vocational and 
technicjsl^pcetion are identified and selected 
f6rdi|isemjnaijon. 



Contact the Curriculum Coordination center 
in your region for information on obtaining 
materials (e.g., avatlabHity and cost). They 
will respond to your request directly or refer 
you to an instructional materials agency 
ctoser to you. 
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Mission Statement 
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Tlie Natkm^ Center for Re$earcli in 
Vocational Edueation'i mission is to increase 
the ability of divene^nciet, institutions, 
and orgdnizationi to solve educational prob- 
lemi relating to individual career planning; 
preparation, and progression. The National 
Center fuifilU its misSon by: 

• Generating Icnowledge through rese&rch 

• Developing educational programs and 
produces 

• Evaluating individual program needs 
and outcomes 

• Installing educational programs and 
products 

« Operating infomtation systems and 
services 



• Conducting leadership development d»xl 
training programs 

FOR FURTHER INFORMATION ABOUT 
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OVERVIEW 

BASIC ELECTRICITY AND ELECTRONICS 
MOOULF TWENTY FOUR 
Wave Sheptng Circuits 



In the last two nodulest we've seen how to generate sine wsves and square 
waves with electronic circuits. This module is designed to show you how 
wtt can modify these two basic waveforms Into countless other wavefonts. 

You wJII find that the circuits used for wave shaping are not coniplex 
and^that you already have all the basic theory needed to solve theni. 

Tills module has been divided into the following three lessons: 

Lesson I CI Ippers 
Lesson H Clampers 
LessQo 1 1 1 Integrators/Differentiators 
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OVERVIEW 
LESSON I 

tfl».ters 



ThU iMtbn will show you the functtonal operation of • clipp«r» how to 
racogniM th« KheMtlc dIagrM and tha actual circuity and how you will 
put thU thaory and practical Informitlon to usa by troubleshooting the 
clipper circuits* . 

The laarning objectives of th'is lesson are as fallows; 

TERMINAL OBJECTUE(S): ' ^ 

2^,1,46 When the student coMpletas this coursa he wilt be able to 
JDENTIFY Mva shaping circuits and their affects on Input 
wavefonas by Mtchlng an output Mvefons a »^^va shaping 
circuit and Its Input wavefom given Input and output wave* 
fom Illustrations pnd Mve shaping circuit schaMtIc dlagraM* 

ENMLtNG OBJECTIVE($): 

When the studmt coiKpletas this lesson^ he wilt l»e able to; 

1\\\MA IDENTIFY tha function of a clipper circuit by satactlng the 
correct statenent fro* a list of four «tataMnts, lOOt 
accuracy Is required* 

IkAM.t lOEKTIFY the schoMtlc dIagraM for a«ch of the five basic 
clipper circuits (series positive^ series negative^ parallel 
positive, parallel negative, and parallel positive and naga<- 
tlva), given a set of five sche«itlc diagram, be selecting 
the scheMtlc that Mtchas the naiae given for each type of 
clipper circuit* lOOt accuracy Is required* 

2^*1*^*2*1 IDENTIFY by selecting, the scheaatlc diagram of series/ 

parallel clipper configurations given a set of scbemtic die* 
gram which Inclufles one of eich of tha configurations* lOOt 
accuracy U require* 

24# 1*^*3 IDEiAfy by selecting, tha output Mvafons for each of tha 
following three clipper circuits (posftlva, negative, end 
pareltel negative and positive), giveit Input and output Mva* 
shapes and schamtic diagram* lOOt accuracy is required* 

* " 
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2^. KM, 4 IKKTIFY by seUcting^ output waveforms showing bias effects 
on series end perelled clipper circuits given a choice of 
five schematic dtagrams and their respective output nieveforms* 
loot eccurecy Is required, 

IH.lM.S OBSERVE end INTERPRET clipper output wavefomis (noneal and 

abnomal) by varying the bles voUfige on e series orparellel 
clipper clrtjlt^ given an oscl I loscope^ e Job program^ end e 
treljilpg device circuit* 100$ eccuracy is required* 

2^.1*^ I lOEKTIFY the Input section^ converslc; section^ end the output 
section fn each of the five basic clipper circuits (terles^ 
positive^ end parellel positive and negative) by locating ell 

, of the'conponents In eath section^ given a training device or 

circuit boards C9ntalning clipper circuits^ e Job program^ end 
the eppllcable/schematlc diagrams or technical manuals, lOOt 
accuracy Is required* 
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BEFOKE YOU STA^T .THIS LESSOR KEAO THE LESSON LEARNING OBJECTIVES AND 
PteVIEW THE LIST OF fTUW k 1|fiRCES ON THE NEXt PAGE. ' 



Study Iteiources Ttmity Four- 1 

LIST OF STUDY RESOURCES 
LESSON I 

CI Ippart 

To iMrn the MterUI In this Usscm^ you hiv« the optlcn of choosing, 
icoordlng to your experlwce «nd preferencett any or ill of the follow* 
Ing study rosourcet; 

Written Leston preMntitlon In; 
Hodul* tookUt: 

S«— ry * . . 
ProgrtMMd Instruction 
Karrativ* 

Studant't Gulda: 

Job Program TMOnty Four-I-I "CLIPPERS" 
Job PrograM Ttmnry Four-l-2 "CLIPPERS" 
Progress Check 

AdrfltloMi Material (s)*t 

Audio/Visual Program Twenty Four-I "Introduction to Cllppifrs" 

Enrichment Materlal(s): 

' Electronics Installation and Maintenance Book* Electronic Circuits* 
IWVSHIPS 0967-000-0120 (EIMB) 



YOU NAY USE AKY^ ORALL. RESOURCES LISTEO ABOVE* INCLUDING THE LEARNING 
SUPERVISOR; HOWEVER. fLL NATEIflALS LISTEO ARE (IDT NECESSARILY REQUIREO 
TO ACHim LESSON OBaECTIVCS. .THE PROGRESS CHECK MAY tt TAKEN AT ANY 
T IMC* 

* * - ^ 
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SunMty 



Twenty Four*) 



SUMMARY 
LESSON I 

Introduction to Clippers 



A clipper or llnlter (both terms neen the sane thing) Is little nore then 
e helf Mve ractlfler. Using e dlo4e» resistor^ end sometimes a DC po* 
tentleU e cllpper/llmlter can be used to ellmlnete the positive or 
negative aliernetlon of an Input Mveform or cen clip a desired amount 
from either altemetfon. In a circuit %rfiere the voltage limits are 
extremely critical* a clipper miy be employed as a safety device. In 
"^hls lesson you will be Introduced to five typek of clippers: (see 
lllustretton on mjut pege) series positive; series negative^ parallel 
positive^ perellel negative; «nd parallel positive Md negative clippers. 

Since the diode Is actually the limiting cofflponentt. Its locetlon with 
respect to the signel flow end Its plolarlty «re the factors that deter* « 
mine circuit conf lguratlon< in the series clipper^ the diode Is In 
series with che Input In perallel clippers^ the diode Is In parallel 
with the output. 

jRememberlng ':hat a diode will pass current In only one direction^ and 
that the anoc^e (arrow) of the diode must be less negetlve (more positive) 
with respect to the cathode (vertical line) to make the diode conduct^ 
you can look «t the Mveform as applied to the diode and determine what 
the output will be< 

In a series clipper the diode must be forwerd biased In order to obtain 
en output. In e parallel clipper whose diode Is forward biased the 
nigral will be shorted to the reference voltage. $o In order to obtain 
an iMitput the diode must be reverse blesed. 

To clip only a portion of either alterutlon a DC potential Is placed 
Jn perellel with the output. This potent1e1» depending upon Its polarity^ 
will keep the diode conducting or cut*off until the Input Mveform exceeds 
the DC potential. 
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To clip both «ltarMtlons» two diodes are utilized in a parallel configura- 
tion. Actually this circuit Is .wthtng more than a combination of tvN> 
parillal clippers with OC aiding reverse bias* 
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INPUT < OUTPUT INPUT < OUTPUT 

o— — • i o o > — — — — i o 

SERIES POSITIVE CLIPPER SERIES NEGATIVE CLIPPER 

o -AAA/ — f — o o VV/V- 



INPUT ▲ OUTPUT INPUT X OUTPUT 

e i o o • o 

PARALLEL NEGATIVE CLIPPER PARALLEL POSITIVE CLIPPER 

o— AAA/- 



INPUT X I 

O —if ^ o 

PARALLEL POSITIVE AND NEGATIVE CLIPPER 



At this poikt, you nay take the lesson progress check, if you 
imswer all self-test itehs correctly, proceed to the next usson. 

A YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
TNE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPH, OR i-RAMES SO THAT YOU ''AN RE STUDY THE PARTS OF THIS 
>LE$^ Y^HJ ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND AU, OR HOST, 0^ THE LESSON, SELECT AND USE 
ANOTHER WRITTEN NEDIUN OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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PROGRAHMEO INSTRUCTION 
LESSON I 

Introduction to Clippers 



TESTS FRAMES ARE 9. I5t l7. TRY FRAME 9 FIRST AND THEM FOUOW THE 
INSTRUCTIONS AT THE END 6F THE FRAME- 

I. Perhaps the title should read ''Introduction to Halfwave Rectifiers". 
A clipper (or Itmlter) circuit 1$ essentially a diode and a resistor* 
sometlnes used with a DC potential. In the power supply module* you 
learned that a diode will pass current In only one direction. When a 
waveform having positive and negative alternations Is appl'ed to a diode* 
only the positive or ^egatlve alternation* depending upon the diode's 
Insertion In the circikit, Is passed. A slii9>1e c Ipper/I Imlter circuit 
eliminates either the^positive or the negative alternation which Is what 
a halfwave rectifier does. How do you tell which alternation Is to be 
eliminated? Since the circuits contain the same components* (Mily the 
direction of the diode determines which alternation (the »>o$ltive or 
negative) Is to be clipped (limited):, 

Whan a waveform Is applied to a diode either the'posltlve or the nega- 
tive alternation will be passed depending on the . 



direction of the diode as It Is connected into the circuit (or words 
to that effect) 

2. Since the diode Is the component that controls current flow* It Is 
essential that you understand how a diode conducts. Current always flows 
against the arrow* so the cathode must be more negative then the anode for 
conduction to take place . 

^ m 

Identify the anode and cathode of the diode Illustrated below. 




A. cathode A"noae 
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We have studied two waveforms that were generated electronically — sine 
wave and square wave. These wavefoms are syninetrlcal ; that ls» the 
positive half cycle Is exactly the same shape as the negative half cycle: 



The sine'wave and square wave are basic signals used :n electronics but 
they are often not the kind of signal we need. Tor example^ we might 
easily need one of the following waveforms. 



Waveforms A through 0 cannot be generated by any oscillator circuit 
because they are not symmetrical. The addition of the dotted line to 
the waveforms shows that the basic waveform coul^ be either a sine wave 
or square wave. The clipper circuit can change the basic two waveforms 
Into the waveforms shown In A through 0. 

A clipper circuit Is like a customized kit. The manufacturer sends out 
sine waves from Its oscillator plant and square waves from Its multivi- 
brator plant. You» the customer^ use a clipper to modify the standard 
waveforms Into shapes you want. 





c.-, 
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Depending on how you want *^o customize a waveform^ one of the following 
clipper circuits c!ould i>e u^d: 

1. Series positive or negative clipper. 

2, Parallel positive or negative clipper* 
5- Parallel positive aWd negative clipper^ 

Let*s take the series negative clipper: 

When the input waveform (In this case from a sine wave generator) Is 
positive* the diode In a series negat ive clipper wilt conduct* current 
will flow and a potential will be dropped across the resistor* Since the 
resistor Is In parallel with the output the same voltage that Is dropped 
across the resistor will appear at the output* 



When the Input waveform Is negative* the anode is more negative than ti>e 
cathode* and the diode will not'conduct. No' current will flow* and there 
wll I be no output. y 






SERIES NEGATIVE CLIPPER 





- NO OUTPUT 



SERIES NEGATIVE CLIPPER 



is 
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When the diode Is conducting, it acts like « short circuit. When it Is 
cut-off, It acts like an open circuit* 

When the Input %^veform Is positive the diode In a series negative clipper 

acts Hke a/an circuit and when the input waveform is 

negative the diode acts 1 Ike a/an circuit. 



short, open (in that order? 

4* To convert the series negative clipper to a series positive cl ipper^ 
the diode Is merely revelled. Current flows In the opposite direction, 
$0 the positive portion Is removed* 




SERIES NEGATIVE CLIPPER SERIES POSITIVE CLIPPER 

When the Incoming signal Is positive the diode In a series positive 
clipper Is , and when the incoming signal is nega- 
tive the diode Is • 



cut-off^ conducting (in that order) "~ 

5* Another type of clipper is the parallel clipper. In this circuit the 
output is taken across the diode* The resistor is in series with the 
Input* ^ 
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Which of the circuits Illustrated below Is a parallel clipper? 



A, > VW 



B.O 14 



A, 



6, in a parallel positive clipper, the diode will conduct when the posN 
tlve portion of the waveform Is applfed* When the diode conducts, there 
will be-B voltage drop across the resistor and no voltage wt U appear in 
the output. 

When the dtode In a parallel positive clipper Is cut off, the diode 
(will/will not) have a voltage drop across It. 



WTTT 



7. In a parallel negative clipper^ the diode wMI act like an open cir* 
cutt (cut-off) during the positive half cycle of the Input waveform and 
like a short circuit (conducting) during the negative half cycle of the 
Input waveform. 

Draw the output waveform of the parallel clipper Illustrated below and 
tdentffy the vvpe (parallel positive clipper or parallel negative clipper) 



-1«v V 



0 ^AAr 



OUTPUT 
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parallel positive clipper 



ov 

-I5V 



^7 



8, What are the relationships between series and parallel cUppars? Both 
types of clippers ere named after, the alternation they eliminate* For 
exMiple, a series or parallel positive clipper will remove the positive 
portion of the waveform* Negative series or parallel clippers remove the 
negative alternetlon of the waveform* In series clippers, the diode musi 
conduct for an output/ (n the paral lei . cl Ipper» the diode must be cut- 
off for an output* 

Indicate %^ether the diode is conducting or cut*off for each dipper to 
produce erf output* 

^* Parallel Clipper 1* Diode Conducting 

6* Series Clipper 2* Diode Cut-off 



A* u r 



14 21 
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9. TEST FRAME 
In each circuit below draw the output waveform. 



a. 

•t-lOv, 



-lOv \_/ 

b. 

-25v \y 



■AAAr- 



AAAr 



C 
+13 

Ov 

•13 



d. 

+15 



H4- 



THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
ilVEN AT THE TOP OF THE NEXT PAGE. • ^ 



ERIC 
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IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU HAY NOW GO ON TO TEST 
FRAME 12. OTHERWISE, GO BACK TO FRAME t ANO TAKE THE PROGRAHMEO SEQUENCE' 
BEFORE TAKING TEST FRAME 9 AGAIN. 
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ID. if you dfttire to clip Just a portion of cither alternation In a series 
or parallel clipper^ a DC potential can be placed In paralle! with the out* 
put. This DC potential will either forward or reverse bias the diode, 
depending solely on how the diode and DC potential are Inserted In the 
circuit. Indicate whether each clipper circuit illustrated below is for* 
Mrd biased or reverse biased. 



O 2.& 





1 1. 



4.0 



I 1 




Forwartf biased 
RavarM blaMd 



1 and 3 

2 and « 



2J 
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IK Srles Clippers with Bl« 




SerlM Negative Series Positive 

BIASED CLIPPERS 

Both circuits have 10 voU OC supplies. Both circuits also have the DC 
potential forward b-faslng the diode when Input signal Is applied. There* 
fore, both diodes conduct. The diode may only be cuf^off If the Input 
signal Is greater than -10 volts for the series negative clipper end 
greater than +10 volts for the scries positive clipper. That means, that 
any toveform with i peak 10 volts or less will pass through these circuits 
untooch^, Weve^orms with peaks greater than 10 volts will be limited. 
The voltage level at which they are clipped Is the voltage level of the ^ 
battery potential at point A, 

Let's check whet m have Just seld; 




As you can see, only the negative peak was removed from the Input %#ave* 
form. Point A Is *S volts end the negative portion of the output 
waveform stopped at - S volts. 

What change- would you have to make In the figure on the previous page to 
cause It to clip the output at *7 volts? 
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tHanyg the battery frow 5v to 7vt 

12. TEST FRAME. " ' 

With a ^0 volt p-p ifiput wevefomi ^i^lled to the circuit iMustratW . 
belowt which of the output wsvefomis is m%t correct? 



I ,\ > ^ ^ 

. -lOV 

V / -Mill < ' w >' --i«v 

\y— -20V ^ -aov 

THIS IS A TEST FRAME. COHPARE YOUR ANSWER WITH THE CORRECT ANSWER CrVEN 
AT THE TOP OF THE NEXT PAGE, 
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IF YOUR* ANSWER HATCHES THE CORRECT HASWER, GD TO TEST FRAME 15. OTHER- 
VISE 60 »AC^ TO FRAHE 10 AND TAKE THE PROGRAMHED SEQUENCE. 

13. We ^ve seen that' If the diode's forward bias is aided by a DC poten- 
tial, the result is a MBveform that extends both above end be low the 
fUngg^ line (more than one half cycle). Now, if the diode's reverse 
bias isaided by the DC potential, we should expect the resultent output 
to U less tttan ontf half cycler, this happens because the diode remains 
cut-k»ff durt^ jaost of the input cycle the only way we get It to conduct 
is to have a signal high enough to make the diode conduct. 



-15V -Jr 



X 



If this signal This signal will 

Is the Input: ^ be the resultant'output 

OVX-O — J OV 

*ibv ^ 
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Glv«n th« following circult» OC potential would we heve to use to 
get the indicated output? 




14. A OC potential can also be used with parallel clipper circuits. When 
the diode conducts the DC potential will be observed In the output. At 
the times when the diode Is cut*off,» that portion of the Input waveform 
will be observed as the output. 

In the parallel case shcwn» the diode Is forward biased when no Input 
signal Is applied. The diode cuts-off when the voltage exceeds **>5 volts 
battery potential. Therefore* we will see only the portion of the Input 
signal which Is greater than +5 volts. 




^-lOv 
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f ■ r 

In either the series Qt, parallel clipper^ the following general rules 

•pp'v- 

■ ■ f 

1. Neg«tlv« clippers remove the negative eltematlon either totelly 
or In pert. 

2. Positive clippers remove the positive alternetlon either totelly 
or In pert. 

3* Output In series clippers occurs when the diode conducts. Out- 
put In perellel cl Ippers^occurs when the diode Is cut-off. 

4. When the DC potentlel elds the fbrmrd bles In e series clipper^ 
the output will be greater then e helf cycle. Conversely, when 
the DC potentlel elos the fowerd bfes In a pereHef cUpper, the 
output wll I be less than a helf cycle. 

The lllustretlon ebove Is a weveform thet hes been clipped by a perellel 
cl Ipper. 

Is the diode cut*off or conducting when the waveform Is at point A? 
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tS. TEST FRAHE 



0 raw. the output for the foMowtng circuits and Identify them using their 
proper names. 




THIS (S A TEST FRAHE. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN 
AT THE TOP OF THE NEXT PAGE. 
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Series Positive Clipper 
With Bias 



Parallel Positive Clipper 
With Bias 



Parallel Kegatlve Clipper 
With Bias 



IF YOUR ANSWERS HATCH THE CORRECT ANSWERS, GO ON TO TEST FRAME 17. >F 
NOT, 60 BACK TO FRAHE 13 AND DO THE PROGRAHMEO SEQUENCE BEFORE TAKING 
TEST FRAME 15 AGAIN. 
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|6. This next circuit is called a parallel negative and positive clipper*. 
If there Is no OC bias either dfode circuit there will be no output* 



ov- 



The positive portion of the Input signal passes through diode 2 and the 
negative portion passes through diode I. 

Result: No Outputl 

V 

Now» If the diodes are cut-cff (reverse biased) during a portion of each 
half cycle by using a OC potential we will clip the peaks of both al- 
ternations of the input signal 

0 VW • • o 



n 



+100V 

ov 



w 



/ » 



+4 
-4 



. -100V 



NOTE ; If the diodes were forward biased by the OC potential) ho output 
would occur. Each diode would conduct for more than hatf of each cycle. 
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The only time a parallel positive and negative clipper will have an out- 
put is when? 

U) Both diodes are hooked-up opposite but In parallel with each other 
and the output^ 2nd 

(b) both diodes are reverse biased. 

Fill In the missing components to produce a parallel positive and negative 
clipper. 
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17- TEST FRAME 

lltustrtted below ire various configurations of clipper circuits* Identify 
each with Its correct name and Jraw the correct output signal given an 
input signal * 



o 1^ 



+10"- 




C.o 




e. o- 



+10- IT ^ 

-lOv K.- i 

5v :=: 




d. o ^AA^-• — I — 

-10 v!^^- I I - 



1 I 



f. <^ 



H4- 



+10" - 
0 



n 



h. o- 



+10"---^-- 
-10 K.. 



5V _ 



THIS IS A TEST FRAME. COHPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN 
AT THE TOP OF THE NEXT PAGE. . 
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+10 /\ 



-10 



V 



Series Positive Clipper 



'MO 
0 

-10 



.J 



Parallel Negative Clipper 
With DC Aiding Reverse Bias 



e. 



+10 

0 

-10 



A 



Series Negative Clipper 



+10 /^ 
0 

-10 



A 

I * 



Parallel Negative And 
Positive Biased Clipper 



Series Positive Clipper 
With DC Aiding Reverse Bias 



f. 0 



-.0 Li 



Series Positive Clipper 
With DC Aiding Forward Bias 



9. 0 



+10 /^ 



h. 0 



t7 

4^ 



-10 '/ 



Parallel Positive CI Ipper 



Parallel Negative Clipper 
With DC Aiding Reverse Bias 
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IF YOUR ANSWERS NATCH THE CORRECT ANSWERS* YOU HAVE CONPLETEO THE 
PROGRAMHEO INSTRUCTION FOR LESSON I. OTHERWISE, GO BACK TO FRAHE I 
ANO TAKE THE PROGRAMHEO SEQUENCE BEFORE TAKING TEST FRAHE 17 AGAIN. 

AT THIS POINT, YOU NAY TAKE THE LESSON PROGRESS CHECK. |F YOU 
ANSWER ALL SELF-TEST ITEHS CORRECTLY, PROCEEO TO THE NEXT LESSON. 
IF YOU IHCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS,. OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS 
LESSON YOU ARE. HAVING OIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILEO TO UHOERSTANO ALL, ORHOST, "OF THE LESSON, SELECT ANO uSE 
ANOTHER WRITTEN MEOIUM OF l,*ISTRUCTION, AUOIO/VISUAL MATERIALS (IF 
applicable), or consultation with LEARNING SUPERVhSOR^ UNTIL YOU 
CAN ANSWElt ALL SELF-TEST ITEHS ON THE PROGRESS CHECK CORRECTLY. 
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MMUUTIVE 
LESSON I 



Cllpp»r< 



This Usion is about eiippors. What <k> ellppors do? Wtll, from what tha 
nana founds lika, it amt clip things. What kind of things? Pietura In 
your Mind a lon^ s«rlas of slrm mvos or squara Mvas, Taka a pair of 
Imaginary hadga trlimars and lavaf th^ tops off tha %«vafoni. This Is 
%«hat a eVffpar doas * * - It li«lts tfw anplltuda of any kind of Mvafom 
to a prodataralnad That's why ell^rt ara sonatlsm callad 

llnltars; so In this lasson, llmltar Is JuM anothar nama for a elippar. 

•afora wa gat startad, lat*s idantlfy what tha elippar is usad for in 
«taetronies* One application Is to ehanga a sina wva Into a square 
*#fva: 




*l>ottad line shows portion of wavaform ranovad by. elippar circuit* 

Anothar axampla Is In FH radios and tha audio portion of TV broadcasts, 
Hava you avar notlcad that whan you llstan to FN or TV» you <to not gat 
tha noise Ilka you whan you llstan to AM stations? Evan tn a 
thundarstorm, whan AM stations ara drownad out with snaps and cracklas 
and your TV picture is fading In a*«d out, tha sound on FM and TV Is 
great. Uhy? Noise Is vary high anplitude interference that is picked 
up froai lightening, electric mixers, X*ray Mchlnas» fiuto-lgnltlons 
and winy other electrical /electronic devices. In AH, this noise rides 
on the trensfsltted broadcast and distorts the wavafomi. In FN lt*s 
also on tha wavafons but wa can us« a clipper to ranove it and not ruin 
the broadcast. 
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CLIPPER 

CIRCIifIT 




FM 



FH 



Signal With Noise / Signal Without Molse 

tn this lesson, we'll talk about five types of clippers: 

1- Series Positive 

2* Series Negative 

3* Parallel Positive 

4. Parallel Negative 

5* Parallel Negative and Positive 

Wft^li also consider the effects of bias on these clipper circuits^ Now 
that we*ve Identified the scope of this lesson, let's re\^lew the basic 
operation of a diode because It Is the key to the cllppeV circuit* 

A dl6de has a cathode and anode/ Conduction Is only possible from the 
cathode to the anode* 

FORWARD BIASED REVERSE BIASED 



NO CURRENT flCM 




"VTWO STATES-^ 



5 M emmcnm off f mn-m 

The cathode Is the vertical line and the enode Is the arrowheed. 

the cathode If negative with respect to the anode, the diode Is said 

to be cut off. The diode U forMrd biased when conducting md reverse^ 
biased when cut off* 
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.Now MiMI tak* • look at thm clipper circuit. Functionally, it can clip 
•Ithtr the positive or negative alternation. 







1 CLIPPB) 





CLiPfCD 
CUPPED 



Walt a alnutel This sound familiar. A halfwtve rectifier does the sm 
thing. A series clipper Is exactly like a halfwave rectifier, only It 
Is not used In e power supply. Take e look. . . 



INPUT 




OUTPUT 



SERIES POSITIVE CLIPPER 
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The diodtt fs tn s«r'w with tht tnput* To fMfce the diode conduct the 
Input weveform must be negative with respect to anode of the diode* 
Vte'l) apply a 20 volt peak-to*peak sine mve md see what heppens* 



_ *mi 



OOOE REVERSED BIAS 
* NO CURRENT FtOW 



ov 

10V 



^Ourlng the positive helf cycle the cathode Is more positive then.the 
anode* The diode Is cut*off and will not conduct* No current wllV 
flow through the resistor* As a result^ the entire series of positive 
alternations will be missing from the output of this circuit* 

During the negative half of the waveform the cathode Is negative with 
respect to the anode* Current flows through the resistor* The nega- 
tive alternations pass through the circuit without any chenges* 

Whet If m wanted to limit the negative alternations? The situation. 
In this case, would call for turning the diode around* Makes sens«» huh? 



iro^* 

POBVMRDBIAS 



^ +aov 



20V 



.♦aov 



-ov 



REVERSE BIMT 



SERIES NEGATIVE CLIPPER 

Th« sftrltt nagatlve clipper r«nov« either th« pcnttlv* or iwgatlve 
portion of «WBV«fonn. .Tho Mslttt way to detormln* which type of sorlos 
citppor you hav« It to first try ta docid* which My curront flows through 
tho diode and than which %<ty It flows through tho rosistor. 
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R^MbcTt In a series clipper* the only pert of the fffput waveform that 
will show up in the output Is that pert that forMrd biases the diode* 
Once the diode Is cut-off* the output will remain at the reference 
level set at the bottom of the resistor (ground In this case). 

Negative clippers remove the negative part. 



45V 



-DIODE CONDUCTS* 
•OV ^ \ r-0V(ATFOI»fTA) 



-5V 



\ DIODE CUT-OFF 



TOV 

SERIES NtGATIVE CLIPPER 
Positive clippers remove the positive part. 



CURRENT. 



0 M 



/'^*v»-DIODE CUTOFF 
- ■ -OV(AT POINT A) 



DIODE CONDUCTS 



SERIES POSITIVE CLIPPER 
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Up to now, the reference point at the bottom of the resistor (point A) 
was zero volts. What happens If a DC potential Is placed at point A7 
The battery will raise or lower the potential at point A. So when the 
diode Is cut-off, the output goes to the battery potential. 



iov:z 



DC POTENTIAL SHIFTS REFERENCE LEVEL 



.+10V 
_+5V 

REFEREE AT 
..--10V * 



T 

Earlier we saw that there "re only two ways to connect • diode In the 
series clipper and now we have only two ways to connect the bias potential 
There are then a total of four combinations of diodes and batteries. 1'he 
batteries will either aid or oppose the flow of current In the clipper 
circuit. 
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WITH NO SIGNAL INPUT. . . . 



I 



1 



i 



FOUR POSSIBLE COMBINATIONS 

WKen tlw DC aids forward bias the diode conducts with no signal applied. 
In fact, the only My to reverse bias and cut-off the diode Is to have the 
Input signal get large enough to over balance the K source. Look at the 
following circuit. 



o— 14- 



.+10V 
.+6V 



-wv 



1 



h 














U... 



-+6V 
.-ttV 



6V-5- 



i 



SERIES POSITIVE CLIPPER 



The negative portion passes through the diode* The positive alternation 
■Hjst exceed +S votts to cut the diode off because the battery aids the 
fonrtrd bijis* 
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In the prec«edlrtg Illustration, only those input signals over positive 5 
volts wMI be affected. The negative portion of the fnput signal wilt 
be unaffected. X Take a look at the following Input and output waveforms 



INPUT 



i 



OUTPUT 



5V-=- 



i 



mm- 



CIKCUIT WILL PmUCE- 



OUTPUTS 




WAVEFORM IS 
UNCHANGED 



-10V 



WAVEFORM IS 
CLIPPED 




In the last combination, the diode remains forward biased until the posP 
Uve bias on the anode Is exceeded by the positive going Input signal. 
When the Input signal exceeds the battery voltage, the diode cuts-off. 
When the diode cutr-off only the 5 volt reference remains In the output. 



ERIC 
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What Is the correct output waveform from the following circuit? 



10V 




I t 0 «• — ' \ I Ov 

V/' 



III 



T T r C- — ' — \ — , ov 

--2v 



__ .+av 

d- r-\ , — Ov 

-2v 



c. 



We've Just cotnpleted half tK« picture for series clippers with DC bias. 

Nqw» we'll discuss the positive and' negative series clipper using the DC 

aiding the reverse bias. In this case* vie will remove all of the negative 
aiternatlon and part of the positive alternation. 




FOREWTARO BIASED 



REVERSE BIASED 



SERIES NEGATIVE CLIPPER WITH BIAS 
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ffv tN precMdlng Illustration* the only time the diode will conduct Is 
when {t^f9--fQQiird blaied. The only tine It ts forward biased Is when 
the positive porttthi of Jthe Input signal exceeds the 45 volt battery 
potentlat on the cathode* So-byL haying the battery aid the reverse bias* 
the fln*l result Is an output waveforn that is less than a half cycle. 

The series positive clipper with the DC aiding the reverse bias ««Hjld 
naturally produce a Mveform Identical to the series negative clipper 
but the polarity would be opposite. 




SERIES POSITIVE CLIPPER WITH BIAS 

The following serie<t r*9y be used to determine the ouput waveform^ of a 
biased series cHpper. 

I. Determine If the series Is i positive or e negative clipper. 
To do this* you must determine which direction curr«^^wlll flow through 
the resistor.^ This Is most easily done by determining the ohiy possible 
direction of current through the diode and then follow that direction 
through the resistor* 

2- If the series circuit is biased* set the new reference level 
at the battery potential. This reference determines what the level 
will be when the diode Is cut off* 
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3* Determine whether the battery aids forward or reverse bias* If 

It aids forward bias* you should expect to see more than half of the 

waveform In the output* Conversely^ If the battery aids the reverse blas» 

expect the output waveform to be less than a half cycle* Remember^ when 

the diode cuts off^ the output goes to the battery level at point A* 

One last self-check before proceeding* 

I* The circuit below Is a . 



o— W 




I 

2* Complete the circuit below to produce the Indicated output wave-^ 
form* 



A B 




3* The name of the circuit which will produce the output waveform 
Mtustrated below Is a series (positive/negative) clipper with 
bias* 




4* In the circuit In question 3» ( forward/ reverse) bias Is aided 
by the battery* 
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1. Positive Series Clipper with battery aiding reverse bias. 

2. Positive Series Clipper with battery aiding forward bias. 

3. Positive 

km Reverse. , 

PARALLEL CUPPER 

You know we woutd have not Stressed the word "series" unless a parallel 
clipper also existed. - 




PARALI&L CLIPPER 



Looking at the Illustration, we see that the output ts taken across the 
diode. The only time we'll read anything Is when the diode is reverse 
biased or cut-off. When tt Is forward biased, the diode ts a short clr* 
cult; no voltage can be developed across ^ short. 



I 
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tn the preceding circuity which way would the diode have to be Inserted 
to produce the waveform shown? 




This Is called a parallel negative clipper* 



You may have noticed that the operation of the parallel clipper U Just 
opposite that of the series clipper* In the series clipper^ the output 
occurs when the diode conducts* In the parallel clipper^ the output 
occurs when the diode Is fJt-off* There Is no way of trying to fnanorlze 
all these circuits* Uhac Is important Is that you be able to figure thcnii 
out* 




Diode forward 
Biased ho output 




PARALLEL POSiVltT CLIPPER 



Olode reversed 
Biased output 
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V% added DC bias to th* scrUs clipper circuit; fyom tet*s add It to the 
parallel clipper. 



I 



7 I 



CONDUCTS 
Battery Aids Forward Bias 



CUT-OFF 
Battary Aids Ravarsa Bias 



Lat*s taka tha casas whara tha dioda Is Initially foTMard blasad by tha 
DC potantlal. 




LOtODC REVERSED MAS 
'-♦«V nt^PERENCC SHIFT 
, (POINT A) 



PARALLEL NEGATIVE ^'LIPPEft WITH BIAS 

Tha only tlma the dIoda In this circuit Is cut-off Is trftan tha Input 
%Mvefonn floas positive enough to overcome the fonnard bias of the DC 
potential. Had tha diode end battery b^«n reversed, tha nafletlve peak 
would tppaar In the output. 
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10» VN OUTPUT 

ov ' . 1 — 1- o— AAA/ — I — o — l 



.10V vv « -«»■ * 



DKt »o noMMt'll look tt tht w wlwrt tlw dtodt ts Inttlttty r*v«rst 
bttsod by tht DC pot«ntUI. 




ov 

}OIOOE CONDUCTS 



PARALLCL NEGATIVE CLIPPER WITH BIAS 

Tht only ttnt tht dlodo conducts tn this etrcutt (shoi«t sbovt) ts whtn 
tht input tMvtforn govs n«g«tlvt tnough to ovorcom tht DC pottntttl. 
Had tht diodt tnd batttry conntctlons bttn rovtr»«d» ts shown b«low» tht 
potlttvt pttk MDuld htvt bttn cut off. 

^^^'y^ W jlNODe C0N0UCT8 
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Ute last typ« of clipper to be discussed combines the biased positive and 
negative p«'-allel clippers. It wt,ll remove parts of both the positive and 
the negative alternations. Each bi^ttery must be aiding the reverse bias 
of; th*^ dtode In its, circuit. If It didn't ihere v#ould be no output. 




0— VSAr 




PARALLEL POSITIVE AND NEGATIVE BIASED CLIPPER 

What is interesting to note In this circuit is that It Is theonly combin- 
ation of dIode:» and OC sources that will produce the desired output. So 
what are th« characteristics? 

K Each &C potential aids the reverse bias of the diode in its cir* 
cult/ 

2. One^ branch is a negative parallel clipper at^ t^e other is a 
positive ptrattel clipper. Therefore* the dlo4es mvst face In 
opposite directions. 

• 

3. In the 5tatic state (no Input signal), <t:he reference lev«: will 
equal zero. Each battery opposes the other and since they are 
equal but opposite In amplitude* a voltmeter connected across the 
Output will read zero vo.its. 

About the only thing we can do to this combination clipper is to use 
different values of biasing potential to get different amounts clipped 
off the waveform. 

AT THIS POINT, YOU HAY TAKE THE LESSON PItOGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEHS CORRECTLY, PROCEEO TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW>F THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAHES SO THAT YOU CAN RESTUOY THE PARTS OF THIS 
LESSON YOU ARE HAVING OIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAiLEO TO UNOERSTANO ALL, OR HOST, OF THE LESSON, SELECT ANO USE 
AfWTHER WRITTEN HEOlUK OF INSTRUCTION, AUOIO/VISUAL HATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEHS ON THE PROGRESS CHECK CORRECTLY. 
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OVERVIEW 
LESSON II 

Cliwpers 



In thii l«scm you will iMrn about the function of ctMpers, theory of 
operation of clenpers, how td dUcrinlnote betMM different types of 
clenpen end how to troubfeshoot clei^Mr circuits* 



iThe iMffilng objectives for this lesson ere es follows; 
TEMUIML OBJECTIVE($): 

2^J,46 When the student conpietes this courM he will be eble to 
lOCNTlFY wevie shaping circuits end their effects on ir^>ut 
wevefonas by Mtchtng^en output weveform to e wave shapins 
circuit wd Its input wavefom given Input end output weve* 
fone lllustrettons end Mve shaping circuit sche«iatic dlegroM 

ENMLINfi OBJECT I VE(S): 

When the student completes th!s leston, he will be eble to; 

2^,2,46t6 IDENTIFY the type of cleMper output weyvfomis^ given four/ 

five scheMtIc diegrams of cianper types end output weveform, 
loot eccurecy is required* 

2k.2.k6.6j lOENTIFY by mtching, the function of the resistor, the cape- 
citor, the diode, end the source (battery) in a besic clamper 
circuit, given e scheMtIc dlegram, a list of functions, end 
e list of coiiponents* lOOt eccurecy is required* 



2k.2MJ OBSERVE end INTERPRET clwper output waveform (nomiil end 
ebnor«al), given a treinlng device/circuit, an osclltoscope, 
e Job program, a verleble bles supply, and e positive and/or 
negative clenper circuit* Interpret Mveforms by answering 
eppllcable questions on the Job program* lOOt eccurecy Is 
required* 
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OVERVIEW 



24*2*^*7.1 LOCATE ill of the compoq^ts In each tnput section* output 



section* end conversion section of the tm basic types of 
clamper circuits (positive and negative)* given a training 
device or circuit boards containing clmper circuits* a Job 
program* and the applicable schematic dtagrr^is or tecNilcal 
manuals* lOOt accuracy Is required: 



2%*2*ll6*7*2 IDENTIFY the type of clamper and the amount and polarity of 
— ^ bias* given a training device* a Job program* an oscMTo*' 
/ \ scope and the applicable schematic dtagram* Either the 



oscilloscope wavefonn or schematic diagram* or both* may be 
used In analyzing for type and/or biasing. 100% accuracy Is 
required* 




BEFOKE YOU START THIS LESSON, READ THE L£SSON LEARNING OBJECTIVES AND 
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON II 

Clampers 

To learn the material In this )esson» you have the option of choosing* 
according to your experience and preferences* any or all of the fol!ow~ 
Ing study resources: 

Written Lesson presentation In: 

Nodule Booklet; 

Summary ' 
Progranmed Instructlm 
Narrative 

Student's Guide: 

Job Program Twenty Four-ll "Clampers'* 
Progress Check 

Additional Naterlal(s): 

Audio/visual Program Twenty Four-ll "Introduction to Clampers" 

Enrichment Natertai($): 

Narkust J.» Electronic S Nucleonics Dictionary 

New York« HcGraw H1 11 Book Co. » I960 
Basic Electronics. Vol. 2« NAVPERS 10087-C 
Fundamentals of Electrdnlcs« Vol. 5* NAVPERS 931tOOA-5 



YOU HAY USE ANY« OR ALL« RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK HAY BE TAKEN AT ANY 
TIME. 
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SUMKARY 
LESSON M 

CUfnpers 

Clmpers» sometimes called OC restorers* are used to ratse or lower a 
reference voltage* They are used In test equipment* radar systems* elec* 
tronic coufitermeasu res systems* and sonar systems* Depending upon your 
equtpmetitt yoii coutd find negative or positive clampers* with or wtthout 
bias* III thU lesson* you wilt learn the function of the different types, 
and the circuitry that constitutes each type* Let's look at an ICO die* 
gram of a clamper* ^ 



INPUT ^ ^ OUTPUT 




Since you clipped a stne wave and made a square wave Ift the last lesson, 
let's use a square wave Input* This waveform wltl vary Its amplitude 
from 4S0y to -50V with Its reference at zero volts* When you apply this 
Input to a positive clamper* the output amplitude wilt now range from OV 
to almost ^100 volts* If you apply the same Input to a negative clamper, 
the output amplitude wtll range from OV to almost -"lOOV* Let's took at 
the schematic diagram* 




Positive CtaiiH>er 
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Negative Clamper 

sr when you lr;$erted a DC potentfal Into the clipper circuit? 
it established the output reference level for the circuit. Uell» a 
DC potential does the same thing In a clamper circuit. Befow are some 
examples of biased clampers. 




Positive Clamper with Positive Bias 




Positive Clamper with Negative Bias 
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At this time you may be asking yourself ^*How do these circuits work?" 
' Its all In the time constants. The diode (forward biased) and capacitor 
produce a very^ short time constant* When the diode is reverse biased the 
resistor and capacitor produce a very long time constant. This action 
of short and l(Mig time cmstants keeps the voltage acres the capacitor 
cmstant* Keeping the voltage level almost constant across the capacitor 
raises or lowei^s the output vo4tage reference level. This can be proven 
by the application of KirchoffS voltage law. 

AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEHS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHFCK QUESTIONS^ 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
-FAILED TO UNDERSTAND ALL, OR HOST, OF TH& LESSON, SELECT AND USE 
ANOT^IER WRITTEN HEDIUM OF INSTRUCTION^ AUDIO/VISUAL MATERIALS {IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEHS ON THE PROGRESS CHECK. CORRECTLY. 



5} 



i 

Tim> watts for no man. . . ^^^mt 

ACCIDENTS I 

WAIT I 

FOR I 

EVERYONE I 




COMPLACENCY KILLS! 
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PROGRAMMED 1 NSTRUCT I ON 
LESSON II 

Clampers 



T€ST FRAMES ARE II AND U. AS BEFORE. GO FIRST TO TEST FRAME II AND SEE 
IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN 
AFTER THE TEST FRAME. 

I. Now that you have mastered clippers, the next step Is to understand 
clampei's. Although you generally hear the two names, clippers and 
clampers, In the same context, their functions are miles apart. A 
clamper's function Is to raise or lower the reference level of a given 
signal. Clampers are capable of changing the reference level of almost 
any type of Maveform, • - - sine wave, square wave, triangular wave or 
spikes. 

Clan^rs have many appi Icatlms In electronics. One example Is found 
In an oscilloscope. A clamper circuit Is used to prevent the start of 
the line trace from shifting up and down. 




WITH CLAMPER—CLEAR WAVEFORM 



WITHOUT CLAMP ER~WAVEFDRM MOVES 
UP AND DOWN, MAKING ACCURATE 
READINGS DIFFICULT OR IMPOSSIBLE. 
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Basically, there ere two types of clampers, positive and negative* Let's 
look at a functional block dtsgram of a basic clamper* 



+eov 
ov 
-•ov 



pos(t:ve 



CLAMPER 



OUTPUT 
above 
(iround 
reference 



Using the ICO concept, look at the positive clamper's Input. The Input 
swings from +SQ volts to -50 volts. In the output, the same voltage 
waveform swings from 0 volts to -i-lOO volts. 

A positive clamper takes an Input voltage with some given reference 
level and clamps that reference ^level to a Vevel. 



more poslttvi^ 

2. A functfonat block diagram of a negative clamper would look tike this: 



••-eov 
ov 
-•ov 



NEGATIVE 



CLAMPER' 



Tin 

-100 V*—' * 



OUTPUT 
below 
ground 
reference 



Both clampers bear a striking resemblence - except for the output* 
Notice that the output of this ctaitfper swings from OV to -tOOV, 

A negative clamper takes an Input voltage with soine given reference level 
and clamps that reference level to a level. 



«3 
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mora r>egitlve 



3* A clamper ?s sometlmef r«ferred to as a DC rastorar. What this title 
maans Is that the circuit adds a fixed refarenca laval to a signal which 
has a varying raferanca laval or nona at all* In tha figura below» wa 
hava a ilgnat that swings frc^- a posltlva voltaga to a negative voltage 
and has OV for an exact midpoint. 




□ 





But some electronics circuits* for one reason or another^ need an Input 
reference other than zero. In a clamping circuit* the output appears to 
be 'VIdIng** on some DC level. 

A DC restorer wl 1 1 : 

a* change an AC signal to DC* 

b* add a DC level to an AC signal. 

c* cause DC to ride on an AC level* 



b* add a DC level to an AC signal" 



ERLC 

m 
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^* OK, you have seen the Input and the output. Now, let's open up the 
•'black boX»^ 



1 




All there Is In there Is a capacitor, a diode, and a resistor* How can 
these three components do all this clamping? 

It*s all In the time constant. The capacitor and the resistor to9ether 
must produce a long time constant* The capacitor and the diode produce 
a short time cmstant* These two time constants ^Itow the capacitor to 
maintain an almost constant voltage* 

In the positive clamper the dlode-capacItor combination has a very 

time constant and the resistor*capacItor combination has a 

very time constant* 



shortt long (Iti that order} 
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5. 



Let*$ start with an RC network. 

Input 




Output 



Arty Input that is applied to this network will be divided across the capa- 
citor arid the resistor. If the RC time of the network Is long compared 
to the: period of the input wa^^form the majority of the i^vefonn will be 
dropped across the resistor ar very little across the capacitor* The 
il^nal will be passed to the output with very little change. 



+WV 



n 



ov-!--- 



-50V " 




+50V I I 



To Tt T2 T3 - 

At T3 let's insert a diode into the circuit, 



-sov 



To Tt T2 T3 



•►SOV 



-SOV 



OV 



o — I 



T2 T3 T4 



1 1 +50V I I • 

i iiros J — 

=■ ■i-sov' 



T2 T3 T4 



As soon e$ the input signal goes below zero volts the diode will be for- 
ward biased allowing the cspecltor to quickly change its charge. Now, 
et Jkt there will be -$0 volts on the left side of the capacitor and zero 
volts on Its right side. 

What will the charge on the capacitor be at Td? 



se 
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jsr 



6, During the nagetlve half cycle of the Input slgnel (T3 to T4) the 
capacitor %#a$ charged to 50 volts. At tine ^^ the Input changes to 
The diode becomes reverse bles^ giving us e long RC time constant again 
The capacitor keeps its 5D volt charqe, 

+SOV ^ I IT - 



ov 



T2 T3 T4 T5 




♦lOOV; 



+SOV 



1 
1 

i 


1 
1 
1 








«k _ ^ _ 



T2 T3 T4 T5 

* 

With +5D volts tt the Input in Mrlts with +5DV across the capacitor 
what will the output voltage ba after time T4? 



7. During time Tii to T5 the output Is +100V. 



+SOV 

ov 

-50V 



T 



T2 T3 T4 Ts 




CR1 +iov 



r — 1 

1 

1 


r — 

1 
1 






-— - 





T2 T3 T4 T5 



The cepecltor tries to dlsc^rge but because the diode Is now reverse 
blesad and will not conduct the discherge path Is through the resistor. 
We now have a long RC time constant and the cepecltor ddes not lose 
much of Its cherge. Whet is the cherge on the capacitor at time T5? 



67 



P.I. 



TMenty Four- 1 1 



thm chaiiga on th« c^cltor. ttiH cioie to 50V. 

8. During the negative h<ilf cycU of the Input signal (time T5 to T6) 
the diode will be forward biased long enough to allow th« capacitor to 
charge back to SO volts and Make up for any tosses :hat occured during 
the rest of the cycle. 



+SOV --- 



^0V| 



-50V 



I ^^^^^^^^^ 



T4 Ts Te 




O+100V 



•►sov 



ov 



I 

I 



T3 T4 T5 Te 



If the Input to the circuit sitown ebove Is e sine Mve iihet Is the most 
negative voltage that could be found In the output? 
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100 volts 



10* Thtre Is « quick My to determlit'i If your circuit Is « positive 
clMptr or a negative clamper. If t^e diode symbol points dcwn^^.tt Is 
a negative clamper. If the diode symbol points up,, Jt's a positive 
cli 



I 



OlOOl POrtfTS TOWAItO REFERENCE 
NEGATIVE CLAMPER 



OlOOE POIKTS AWAY FROM 
REFERENCE 
POSITIVE CLAMPER 



In • positive diode clamper the diode wilt during the 

negative half cycle «nd will _^ during the positive half 

cycle. 



conduct; cutoff (In that order) 
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1). TEST FRAhE 

Indicate whlcli of the circuits Illustrated below are clampers and whether 
they are positive or' negative. 




THIS tS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN 
AT THE TOP OF THE NEXT PAGE. 



,p;i. 



Twenty Four- t I 



Positive. 
C. Negative 
F. Positive 

H. Negative ^ 

iF ALL YOUR ANSWERS KATCH THE CORRECT ANSWERS, YOU HAY GO ON TO TEST 
FRAME U. OTHEftWiSE, GO BACK TO FRAME I AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKiNG TEST FRAM& 11 AGAiN. 

* 

12* Remtmber %Ast h«pp«rmd when you ptaced i DC potential In a clipper 
circuit? You can do the same thing in a clamper* These clampers a'^e 
called biased clampers * The amount of DC potential ^t\\ always be «.ne 
output reference level ^ Just like the clipper circuits* 

Each type of ctamper (negative and positive) can be biased wtth either 
e positive or a negative potential* 

What would be the output reference tevel of a negative clamper wtth a 
bias potential of votts and an tnput voltage swing from -*'50V to *50V* 



*5 volts 

13* Some examples of ' <ased positive or negative clampers can be found 
tn osci Moscopest electronic ciounten;ieasures^ r^dar^ and smar systems, 
illustrated below are the various types of clampers* 




Positive Dtode Clamper w*th Positive Bias 



7i 




b 
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Clampers with positive and negative b! 
have a rule to save you time: 




s may sound pretty confusing. We 

(1) Since the diode points away 
from reference; It Is a posi- 
tive clamper. 

(2) Point A - +5V. 

(3) Therefore: 




Ov 



(1) Nbw the diode oolnts toward 
the reference; it Is a 
negative clamper* 

(2) Pdint A Is stin - +5V. 

(3) Therefoie; 




-Ov 
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(I) Diode points toward reference; 
it Is a negative clamper. 



(2) Point A - -lOV. 

(3) Therefore; 



JOV 



Negative clampers place the entire Mveform (above/below) the reference 
voltage. Positive clampers place the entire waveform taBbve/below) the 
reference voltage. 



beiow, above Un that orderT 
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U. TEST FRAME 

Identify by name each of the cIrcuUs Hlustrated below and draw the 
proper output waveform of each. 




T 




THIS IS A TEST FRAME. COMPARE YOUR AKSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE. 
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T. Negative clamper wfth positive bUs. 



Ov - 



-90 J 



B. Positive clamper with negative bias, 
•I- 45 




C. 



Positive clamper with positive bias, 

r 



•I- 21 



Ov 



+ 3 J 



0. Negative clamper with negative bias, 
Ov 



-17 



-317 -J 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PRO 
GRAMHEO INSTRUCTION FOR LESION lU MODULE TUE<4TY FOUR. OTHERWISE GO 
BACK TO FRAME 12 AND TAKE THE PROGRAMMED SEQU-NCE BEFORE TAKING TEST 
FRAME 14 AGAIH. 



lERJC 
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THIS COHPLETES THE PROGRAMMED INSTRUCTION FOR LESSON It, MODULE TVENTY 
FOUR. 

AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YDU TD THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VtSUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CCRflECTLY, 
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HARRATfVE 
LESSON M 



Clampers 



This lesson deals with: 

K DC Restorer Circuits 

2, Besetlne Stebillzer Circuits 

3* . Cleisper Circuits 

Soimds like • lot of sophisticated circuits? Fortunately all three names 
describe the same circvit» so from here on out we simply will call them 
clamper circuits, Clemper is e name that better describes what the 
circuit will ectually do for us. The clamper merely retses or lowers 
the reference level of the waveform and holds the signal ebove or below 
the new clamp level. 



The lesson on clippers shows how we can modify any Miveform by limiting 
the emplitude to a predetermined level. Another way of manipulating e 
waveform is by using e clamper. By the time we've finished wave shaping 
circuits yoe will see that we can do Just about anything we went to e 
weMform, 



Why ere clampers important? to give you en idea* consider the line 
trece ecross the display of en oscilloscope. It always starts et the 
same point on the left side of the screen end trevels across to the 
right side. 




NEW 
REFERENCE 
LEVEL 




CLAMPEI 



OV 




OSCILLOSCOPE OlSPUY WITH CLAMPER CIRCUIT 



7'J 
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Clamper circuits ensure tA^t the line trace always starts at the same 
point (Xv this is our reference point). If we did not have a clamper 
circuit for holding the line trace, we could have had the following 
problem: 




OSCILLOSCOPE DISPLAY UI7M0UT A CLAMPER CIRCUIT 



without the clan^ker circuit, there is no guarantee that the line trace 
will start at the same point. So we could have many horizontal lines 
shifting up and down. This makes waveform analysis extremely difficult. 

Basically, there are only two types of clampers^ positive and negative. 





POSITIVE 




aAMPER 


INPUT 






CONVERSION 



OUTPUT 





NEGATIVE 




^ CLAMPER 


INPUT 





z 



+100 
-+80 

- ov 



CLAMPER SHIFTED 
REFERENCE 



OV 

80 
100 



-ov 



-ov 



CONVERSION 



OUTPUT 



CLAMPER SHIFTED 
RE^LtcNCE 
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LoQkf'^ at th« 1 1 lustrations^ you can readily see that a positive clamper 
converts a waveform ranging from^^SOV to '*'50V to a waveform which varies 
from Ov t^ '^'lOOV. The same jnpUt Into a negative clamper changes the 
signal which varies from *SOV ^ ^OV Into a signal that varies from OV 
to *IOOy* Both positive and nagattve clampers db not change the shape or 
amplitude of the waveform^ they simply put the waveform either above 
(positive) or below (negative) 0 volts, A clamper's Input could be aN 
most anything - - * square wave» sine wave» triangular wave or pulsed In* 
put - - - only the output reference will be shifted* Some students con* 
fule clippers and^lampers» but you won*t» as long as you remember that 
clampers only shift reference levels while clippers change th^ waveform* 

We've talked ritout Input and output; this only leaver the conversion s.age* 
Look at the Illustration again. 



^IJUTPUT 



INPUT 



CONVERSION 



Assume the Input amplitude varies from -t-lV to "tV* If you want a vtoltage 
amplitude of OV to '*'2V, you'd use a positive clamper* Let's open up the 
conversion stage and gaze at the electronic circuity that acco«npIIshes 
this feat. 



INPUT 




OUJPUT 



POSITIVE CLAMPER 

This little marvel of electronic sophistication wjll not only convert 
sine wave Inputs, but many other types of waveforms as well*. 

We have looked at a positive c1«nper* The negative clamper has the 
diode connected the oTher way. Take a look and compare the positive 
and '^•gatlve clampers** 



Sl 
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E 




POSITIVE CLAMPER 



NEGATIVE CUMPER 



What mkfts thU circuit *'tlck**? Well, lt*s all In time constants, Tha 
capacitor will charga quickly through tha diode (short RC time constant), 
but It wHI discharge very slowly through the resistor wlwn the diode Is 
cut-off. In the positive clamper shown above, the dfode will conduct and 
tha capacUor wi n charge to the Input s^jnal's peak voltage whenever the 
top of the diode tends to go negatlva. When the input signal changes 
polarity the diode will cut-off and {he sum of the signal voltage and 
capacitor charge wllj app^r at the circuit output. The long RC time 
constant will hold the capacitor charge nearly constant^ and the output 
signal will be entirely positive. 



During the first cycle or two/ the ci^MCltor charges up to the reference 
voltage. After thati averything settles down, to a nice clamped output. 
Since you are concerned mainly with how to recognize a malfunction and 
to r^p^ir that malfiinctlon, you needn't worry at this stage of the game 
about why It works the way ft does. If you are really concerned, you 
'-an refer to the P*l* for a mora detailed explanation, 

, 

Now lot's look at the difference be'tween basic positive and negative 
clampers agaln^ Here Is i positive clamper — 




INPUT 



A 

t 



n S2 
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and here Is a negative clan^r 



INPUT 



t 



As you can see» the only difference Is tl>at the diode Is turned around* 
Both clrcu!t$ work the same way» using the RC time constants to clamp 
the waveform above or below the reference level. In this cese» the 
reference Is point A or ground. It works like another circuit you've had. 



>r when you placed a potential In the cnpper*crrcult? You can do 
the %mm thing In clair^ers. This Is called a biased clamper . The amount 
of DC potential will always be the new reference level. 



**0 



-|.tOv 



ov 



— POIMTA 



Each clamper (negative, positive) can have either negative or positive 
bias. 




+110 * _ 



^lOv ov_ 

4— 0 



Positive CI jfflper With Positive Bias 
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Negative Clamper with Negative Bias 



r- • 



•fftOv... , 



I 



PoM A 



-aov- 



7 



4^ — 



Negative Clamper with Positive Bias 

^Want an easy way to tell which side of the reference line the waveform 
will be located? Look at the diodel 



i 
i 



Points away from the reference (Point A) - Positive 
clampei waveform located above voltage at point A. 



Points toward the reference - Negative clamper, wave- 
form located below voltage at point A. 



Sea how It works? If the symbol points up, the dioda Is a positive 
clamper and the total Input waveform Is located above point A's voltage* 
Point A's voltage can be positive, negative, or zero vOlts* 
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Let's analyze the following circuits: 




1) Diode points toward the refer^ 
ence negative clamper. 

2) Point A « *I0 volts. 



1) Diode points toward the refer- 
ence - negative clamper. 

2) Point A - +15 volts. 



^15V 

X 



7 



V 



+ 15 



A 

X 



1) Diode points away from the 
reference - positive clamper. 

2) Point A - +8 volts. 



z 



+ 8 



So 
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The clamper c rcuit with OC bias Is simple. With one additional component, 
we^l) understand how an oscilloscope can nx>ve the line trace up or down. . 




^ O^scope line 

O > trace signal 



The output can be changed over a range from OV to 100V to move the clamped 
signal anywhere we want to. The osci I tosccpe* s line trace could* there- 
fore, moved up or down. 



Circuits of this nature are used tn radar systems* test equipments* elec- 
trcmic countermeasures systems, and sonar s^ ">teins* In your rote as a 
technician, you may encounter clamper circuits quite frequently, depend- 
ing upon your equipment. In any event, the recognition of the clamper 
cli^cuit, and knowing what output comes from what typ^s of clamper. Is 
extremely helpful in the ICO concepts of the interconnecting circuits* 
This working knowledge of basic circuits will make your Job eas-ler, and 
liberty call could come more often* 

AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK* If YOU 
ANSWEA ALL SELF- TEST ITEMS CORRECTLY, PROCEEO TO THE NEXT LESSC^* 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE .''AGES, 
PARAGRAPHS^ OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS 
LESSON YOU ARE HAVING OIFFICULTY WITH* >F yOU FEEL THAT YOU HAVE 
FAILED TO UNOERSTAND. ALL, OR HOST, OF THE LESSON, SELtCT AND USE 
ANOTHER WRiHEN H^OIUH OF INSTRUCTION, AOOIO/VtSUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEHS ON THE PROGRESS CHECK CORRECTLY* 
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OVERVIEW 
LESSON lit 

I ntegrators/Differentiators 

This lesson deals with square wave shaping circuits* Although integrators 
and differentiators only contain two components* the relatively short or 
long time constant of these components produce completely different out*' 
put waveforms* These new waveforms add to our growing lisc of possible 
"creations" from our basic sine wave and square wave* 

The learning objectives of this lesson are as follows; 

TERMINAL OWECTIVEtS): 

24*3*46 When the student completes this course* he will be able to 
ID^HTIFY wave shaping circuits and their effects on input 
waveforms by matching an output waveform to a wave shaping 
circuit and Its input waveform given Input and output wave- 
form Illustrations and wave shaping circuit schematic diagrams* 

ENABLING OBJECTIVE(S) : 

When ^e student completes this lesSon» he will be able to; 

24*3*46*8 IDENTIFY by selecting, the schematics for RL and RC Integra- 
tor and differentiator circuits* given a set of schematic 
diagrairs* 100% accuracy Is required* 

24*3*46*9 ANALYZE the conversion action in RL and RC differentiator/ 
Integrator circuits* by matching given Input and output 
waveforms to the correct schematic diagram* with 100$ 
accuracy* 

24*3*46*10 DIFFERENTIATE "long" and "shc.t'* time constants of RL and RC 
circuits used as integrators dif f erentiators^ given five 
time statements* an circuit and an RL circuit* and select- 
ing the best statement of relative time constant length* 100% 
accuracy is rt&quEred* 
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OVERVIEW 

2'i,3*'*6JI OBSERVE, INTERPRET, and RECORD the effects of varying the 
time constant or an RC differentiator cfrcutt, given a 
training devlce/clrcuf t, an oscilloscope, and a Job pro- 
gram* Recorded observations to fall within tolerances 
stated in the Job program* 

2^1.3,116.11,1 LOCATE and lOENTIFY Integrator ar ' differentiator crmponents 
Installed in e<|uipfnent, given a <.rafnlng device or circuit 
boards containing Integrator/differentiator circuits and 
■rlrcuft schematic diagrams or technical manuals and a Job 
program. 100% accuracy Is required. 



■ i 



BEFORE YOU START THIS LESSON, REAO THE LESSON LEARNING OBJECTIVES AHO 
PREVIEW THE LIST OF STUOV RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON III 



fntegrators/Different iators 



To learn the mareriai in thts lesson» you have the option of choosing^ 
according to yojr experience and |>rdferences» any or all of the follow- 
ing study resources: 

Written Lessor, ^presentation In; 

Module Booklet; 

^ufUftary 

Programmed instruction 
Karrative 

Student^s Guide: 

Job Program Twenty Four^ltl-1 ^'Introduction to Integrators'* 
Job Program Twenty Four- 11 1-2 "Introduction to Differentiators** 
Progress Check 

Additional H«^terial (s) : 

Audio/Visual Program Twenty Four-Ill "Introduction to Integrators 

and Differentiators*' 

Enrichment Materials): 

Electronics Installation and Maintenance Book» Electronic Circuits* 
HAVPERS 0967-OO0-0120 
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YOU HAY USE AKY» OR ALL* RESOURCES LISTEO ABOVE* INCLUDING THE LEARNING 
SUPERVISOR; HOWEVER* ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT AMY 
TIME. 
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SUMMARY 
LESSON III 

Integrators and Otfforentiators 

In this lesson we will disc'iss Integrators and differentiators* These 
circuits are used for waveshaping; both hav^ square wave Inputs* Inte- 
grators hive triangular waveforms for outputs* 



nni 

INPUT 



RC INTEGRATOR 



OUTPUT 



AAA 



RC INTEGRATOR 



The output taken across the capacitor* The tfme constant of the RC 
network Is long with respect to the time of the Input pui^e width* The 
time constant will t^sually te 10 times or more longer than the !Rput 
pulse width* 




00 Q 



10 MM 



RC Integntor 
T • RC 
« 100 X 10 X IC 
• 1000 pscc 
^ I msec 



-6 



RC :ntegrator 

In shorty RC Integrators have the follovfng characteristics: 

I* Square wav2 Input - triangular output* 

2* The output Is taken across th^ cai>acltor* 

3. RC time constant Is long with respect to the Input width; 
usua' ly 10 times or more longer* 
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This lesson also concerns Itself with differentiators. Differentiators 
are the opposite of Integrators* Differentiators also have a square 
wave Input but produce spiked or peaked waveform outputs* 




RC DIFFERENTIATOR 

The output Is taken across the resistor* The time constant Is short with 
respect to the Input putse width* The time constant will usually be 10 
times or more less than the Input pulse wfdth* 




RC DIFFERENTIATOR 
The characteristics of an RC differentiators are: 

1. Square wave Input; spiked or peaked waveform out* 

2. The output Is taken across the resistor. 

• 3- The RC time constant is short (usually^ or less) with respect 
to the Input pu)se width. 
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There «re also L/R differentiators and inte rators» because at low 
frequencies capacitors^ mu^t be very large and this Is not practical. 




l/R INTEGRATOR L/R DIFFERENTIATOR 



The characteristics of the L/R Integrator and differentiator are the 
same as the RC circuits* except Inductors are used instead of capa- 
citors and the outputs are taken from different points. The L/R in- 
tegrator output is taken across the resistor and the differentiator's 
output Is taken across the col L 

Another difference is the method In which time constant is figured. 

The Inductance Is divided by the resistance* Tc « Instead of multi- 
plied like the RC. 

The following jingle may help you remember the type of outputs Integra- 
tors and differentiators produce. 

^ saw 0^ spikes. 

I m Integrator » sawtooth waveform. 

0 « differentiator » spikes (peaked waveform) 

AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS* 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATF PAGES* 
PARAGRAPHS* OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR H05T* OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS {IF 
APPLICABLE), OR CONSULTATION WITH LFARNING SUPERVISOR* UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THJ PROGRESS CHECK CORRECTLY. 
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.The Only Thing 
Between Ton 
and The Deep Slid! 

B5 
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PROGRAMMED INSTRUCTION 
LESSON (It 

Intwrators >nd Dif fereotUtors 

TEST FRAMES ARE 8 AND II. GD TO FRAn£ 8 AND SEE IF YOU CAN ANSWER THE 
QUESTIONS. rOLLOU THE DIRECTIONS AT THE END OF FRAME 8. 



1. lnt«graton and dtffarantUtors arc complax nmes for vmry stmpU 
circuits. Y<Hf atrMdy h«v« all tha thaory you naad to undarstand how 
tbay wrk. Jt Is opty tha application of this thaory that will ba now. 
For a xaayla, you ara fantltar with RC coupling usad to transfar signals 
Into and out of an anpHftar. You also know about tlM constants. 
Intagrators and dtffarantlators ara nothing mora than a raststor and 
capMltor with dtff«rant tlna constants. 

L«t's taka soMthIng you've alraidy lea mad first * * * RC coupling. 




RC COUPLING 



Tha wavafoHR Is not changed because of the relationship batMan tha tine 
constant tfnd pulsa width. Tha tfma constant must ba long conparad with 
tha pulse width. Thet stetament may not be very cteer so lat's look et 
the following 1 llustretlon: 




Ttje pulse width Is the time It tekes to complete e half cycle, 
time It tekes to conpiata one cycle Is called the period. 



The 
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PERfOO 



Frequency 



Pulse Width 




V. to Tg » Pulse Width 



2. to Tj 



Period 

3. Number of Cycles » Frequency 



If the period ts ,5 seconds, the putse width is 
frequency is 



atid the 



,25 seconds; 2H2 (in, that order) 



2, Let's find the RC ttme constant of a SOOKi resistor and a lOuf 
capacitor* 

The ttme constant of an RC circuit is etfual to: 

The resistance times the capacitance 
(R) (C) o One Time Constant 

Tc - 500 K X to Jf6f\ 
0 

Tc « 5 X iO or 5 seconds 

In our example, we see it takes S sec(Mids for the capacitor to charge 
to 63.2% of source ampittude* We know that five time constants equals 
the time it takes for tlie capacitor to futly charge* So if one times 
constant is S seconds, the capacitor wiii take 2$ seconds iS X S) to 
fui iy charge. 



9? 
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If our resistance equals 5 M n and capacitance equals 1 ufd^ what Is 
the time constant? 



TC - 5 X 10* + I X 10'* 
i> 5 X 10** or 5 <econjls 



.Same result with 
different values. 



3. If we have a waveform whose pulse Is .5 seconds.^ our RC time constant 
of 5 seconds witl allow thb waveform to pass without changes. 



PULSE WIDTH 




K Ti to T2 - 1 
second ^ period 

2. Pulse Width m 
.5 seconds 

3. RC time constant 
must be long com* 
pared with pulse 
width; (n this 
case 10 times. 




The must be at least 10 times greater than the 

f jr the square wave to pass unchanged. 
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How, If the RC time constant is reduced by a hundredth or equals .05 
seconds, what will happen to the square Mve? 

The output will be spikes. The capacitor charges and discharges very 
quickly compared to the pulse width. So when we have « time constant 
that is 1/IOth or less the input pulse width, the circuit is caUed a 
differentiator. 



Match the following columns: 

■*. 

1. RC coupling A, Short time c<mstant 

2, Differentiator B, Long time constant 



I, 6; Z, A 



5. Let's br«ak the input -%^eform into parts and see hoM It works. 
Look at Tt In the figure below. 

The Input voltage changes very rapidly from 0 to lOOV at T1. This rapid 
change *'sees'' the capacitor as a short circrlt. All voltage Is dropped 
across the resistor. 



100¥^.. 



ov 



F'LJ 

Tt T2 T3 



Now iSaC*t Kto T2. 



lOOVi 

/ ov' 



.T1 
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The short time constant allows the capacitor to charge quickly to +100 
volts. The voltage across tBe resistor drops to zero. 



^ T2 T3 



100V 
OV 



L 



T1 T2 



Now look at T2. 

The Input waveform drops from +IOOV to OV at T2. This'ls • negative- 
going change. The output goes from 0 volts to -100 volts. The output 
montentari Iv feets the charge on the capacitor. 



100V 



„n.j 

T1 T2 T3 



4100V 
OV 



- 100V 

T1 T2 



100V 



OV 



FLi 



T1 T2 T3 



lOOv. 

loov r 

T1 T2 T3 



During T2 to T3 the capacitor quickly discharges back of OV. 
In suflwnary: 



100V 
OV 




lOOv, 



-CHARGC 




DI8CHARQE- 



ERLC ' 



1(M) 



P.I. 



Twenty Tour-f (( 



If the Input never goes more negative than 0 volts^ why does the output 
go to. -100 volts? 



wKen the Input goes negative It changes by 100 volts. The entire change 
will be felt across the output $o the output must also change by, loo 
volts, since the output starts Its change at OV it ends up at -lOOV. 
(or words to that effect) 

6. We have discovered that a differentiator Is like an RC coupling 
circuit with a time constant that Is one-tenth of the pulse width of the 
Input waveform. The output of the circuit Is taken across the resistor. 
Sometimes the circuit Is drawn slightly different but the function will 
not change. 

Select the circuits that are NOT differentiators. 
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C. D 



7* So far, we've talked about RC circuits with the output taken across 
the resistor. Now let's tatk about RC circuits with the output taken 
across the capacitor. This clrcul^ ts called an Integrator and the RC 
time is usually long (at least 10 times the input pulse wldt^). 



ru 



AAAr 



I 



1 usee 

The figure above shov's a> (tong/short) time constant. 



TC » 10 usee 





4 




- - ^- - - 


4 





8. T€ST FRAME 

From the two lists below select one statement from ea ch that best Identi- 
fies: , ■ ' 



an Integrator 



1. RCT - i/\0 Pulse Width 

2. RCT - Pulse Width 

3. RCT - 10 X Pulse Width 



; a Differentiator 



a. Output taken across the resistor. 

b. putput taken'across the capacitor. 



(THIS IS A TEST FRAME. COMPARE VOUR ANSWERS WITM THE CORRECT ANSWERS 
GIVEN AT TME TOP OF THE NEXT PAGE.) 
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an Integrator ^6 ; a OlffwentUtor lA" 



IP YOUR ANSWERS MATCH THE CORRECT ANSWERS, SO ON TC TEST FRAME It. IF 
MOT. GO BACK TO FRAME I ANO TAKE THE PR06RAMHE0 SEQUENCE BEFORC TAKIMCf 
TEST FRAME 8 ASAIN. ' 

9. The integrator circuit's time constant Is far longer than that of 
the input pulse width. Look at the following Illustration; 



INPUT 



CONVERSION 



OUTPUT 




.10 usee 
(uilse width 

Pulse width ■ to usee 



RC 

CIRCUIT 



Tl T2 Tj 



COHBININS INPUT AND OUTPUT 



Solid Line & Input wave^onn 
Dotted Line » Output waveform 
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The sanie type of thinking applies to integrators that applies to differ- 
entiators. The integrator's longer time constant means ft takes longer 
to charge and discharge. The resultant waveform Is called^-a triangular 
waveform. 

TRIANGUUR WAVEFORM 

If the pulse widtth Is 1.23 MSeconds* what must the TC be If you want an 
Integrator? differentiator? 



12.3 Msec integrator; .123 MS^c^ differentiator 

10. It would make sense that if we can use the RC circuit's time constant 
to change a square wave, we should also be able to use the L/R circuit. 
RC circuits are used about B0% of the time because they pre cheap and 
easy to use* L/R circuits cost more and take up a lot more space. How- 
ever, at very low frequencies the capacitor size ge^s very large, so we 
u$e L/R circuits. 

LOU FREQUENCY USES L/R CIRCUITS 

Another place to use L/R Integrators and differentiators Is with tuned or 
traniformer coupled circuits. We simply Insert * I'tisistor with the {n* 
ductor Or transformer to get the waveform we ne^d. 

The major difference between the L/R and RC circuits is where you take 
the Output from. . 

tn RC cFrcuIts; 




INTEGRATOR 

(Across the capacitor) 
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(Across the resistor) 
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In L/R circutts: 
O 



DIFFERENTIATOR 
(Across the coM) 



INTEGRATOR 
(Across the resistor) 



RC Diffprer^tiators have a (long/short) tfme constant* L/R Differentiators 
have a' (long/short) time constant* 



sihort; short (in that order) 
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11. TEST FRAME 

tdar.tify the circuits Illustrated ttelow by name: 



I 



-O 



3. , 



2. 



ERLC 
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Correctly match the weveform to the circuit which will produce It: ^ 



n 



B. 



u 




c. 




AlUwavefom putse widths - 2 seconds. 



5- 



o VW — o 



t 



7. 



TC - 20 sec 



6. 



8. 



TC - 20 sec 



0-— VSA/^— t— o 



I 



TC - 0.2 sec 



TC - 0.2 sec 



9. 



TC - 20 sec 



(THIS IS A TEST FRAME. '^lOMPARE YOUR ANSWERS WITH THE CORRECT AtiSWERS 
GIVEN AT THE TOP OF THt NErr f^AGE.), 



107 
ion 



P.I, 


Twenty Four-I 


1. lnt«5jrator 




2. Differentiator 




3. Differentiator 


* 


Integrator 




5* C , 




6. B 




7- C 




8. B 




9. A 





IF yOUR ANSWCRS HATCH THE CORRECT ANSWERS, VOU HAVE COMPLETED THE PRO- 
GRANNEO INSTRUCTION FOR LESSON III. NODULE TWENTY ^?uR. OUERWISE GO 
BACK TO FRAME 9 ANO TAKE THE PROGRANHEO SEQUENCE BEFORE TAKING TEST 
FRAME H AGAIN. ^ 

AT THIS POINT, YOU NAY TAKE THE LESSON PROGRESS CHEC^K. IF YOU 
ANSWER ALL SELF-TEST (TEHS CORRECTLY,* PROCEEO TO THE NtXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OW THIS 
LESSON YOU ARE HAVING OIFFICULTY WITH. IF YOU FEEL THAT/4oU HAVE 
FAILEO TO UNOEftSTAND ALL, OR HOST, OF THE LESSON, SELECT ANO USE 
ANaTHER WRITTEN MEOIUM/OF INSTRUCTION, AUDIO/VISUAL MATERIALS (iF 
APPLICABLE), OR COHSGL^ION WITH LEARNING SUPERVISOR, UNTTL YOU 
CAN ANSWER ALL SELF-TEST IT^S ON THE fROGRESS CHECK CORRECTLY. 
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NARRATIVE 
LtS^O|< III 



Integritprs and Differentiators 



Let's look at a couple of very simple circuits. Both circuits have the 
%mm components ***** resistors and capacitors. 

The first clrcuTt im will look at Is an Integrator. 




INPUT 



RC Integrator 
Figure I 



As you can see» this Is a series RC circuit; and the output Is taken 
across the capacitor. Th^ Input to en Integrator will be e square 
Mve and ttie output Is a sawtooth wave. 



Jl | inteqrator 1 A/V^ 



FIgur. 2 

W» put In • squar* %Mve Md g«t out a sawtooth vwva. What VfOMl(l we . 
avar want with a sawtooth wave? Tha sigiial thtt causes the horizontal 
swaap In an osclllosoope is a 'sawtooth waveform. The amplitude of th-* 
sawtooth tiavafcrm' determines how wide the CRT's djsplay^wlH be. 
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A 




Figure 3 



let's reviflfti how tine oonttents effect the vottege ecrott eeeh oMponent 
in e series RC netMorfc* Look et the weveforms end schemetic in Figure 3* 
At tiM (T.) the switch ($1)^ is opened end there Is no voltege on Its 

Aoveeblei Arm* Also^ with (SI) open there Is no current flow in the RC 
networfc* With no current flow we wilt not heve eny voltege dropped 
•cross the resistor (K) or the cepecltor (C)* 

As soon es we move the swHeh'(SI) to position B et time Tl» we Insten* 
teneously feel +5V ecross-tiie resistor* The cepecltor ects like e short 
circuit end drops OV* As time pesses» the cepecltor begins to cherge» 
end drops more end more voltege end the resistor drops less end less* 
At tiM ths eifkecltor fullv charoed end we feel 0 volts across the 
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, tf we put SI to painr0n C, the capacitor Is charged tp 5V. The 
resistor Instantaneously feels the entire charge (t3)- As the cepacttor 
starts to discharge (T3 t^^ T5) less and less voltage Is felt across the 
resl«tor« At (T5), the capacitor Is fully discharged and we have 0 volts 
ecross both the capacitor and the resistor. Moving the switch back to 
position B (T5) will start the cycle over again. 

To Uke on a full charge, 5 time constent ere required. To discharge 
coaipletely It elso takes 5 time constants. The lonur the tine constants, 
the nore tine It tekes the capacitor to fully^charge end discharge. In an 
Integretor the output Is Uken across the capaclW. If the capacitor Is 
allowed to charge for five time consUnts the output will look like wave- 
form EC (Figure 3). A good sawtooth wave on the other hand should not be 
curved. Uhat we do In an Integrator Is to maka the RC time constant long 
(10 times) compared to the pulse wi^th of the Input signal. 



An RC Integretor Is Illustrated below. Right away you can see the clr-^ 
cult has a resistor and a capacitor, and that the output Is taken across 
the cepacttor. 




INPUT 




OUTPUT 



Figure k 

A pulse Is the time the signal takes to complete one half cycle. In the 
e^>ve Illustration the pulse width Is SO usee. If this Input pulse width 
Is one tenth or less of the RC network time consUnt, then you can say 
you have • long time constant. Uhet thif means Is that we allow the 
capacitor to charge for only l/IO of the RC time oonstent. This will 
glw us a better sawtooth. 
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NoM, let's give the network some values ^ - 



R=50O 




C^IOufd 



Figure 5 

With a little mathematics It can be seen that the RC netvfc^lThas a long 
time constant with respect to the Input pulse width. ^ 



Tc - RC ^ 
Tc - 50 X 10 X 10 ^ 
Tc - 500 iisec 

Input Pulse Width " 50 iisec - 

RC time constant » 10 X Pulsewidth 

Now that we have established that this Is an Integrator* leT*s ^rph 
an Input and see what happens. 



INPUT 




OUTPUT-r^ 



Figure 6 

When the input pulse starts going positive (A to B) the capacitor starts 
to charge - - very slowly (A to B). We get the start of a sawtooth wave 
tn our output. 



113 

106 



Narrative 



Twenty Four- 1 1 1 



INPUT 



..Ct 




FIgora 7 

As soon as the Input pulse stops going positive (S to C) the capacitor 
stops charging and starts to discharge - very slowly (B to C)* A 
triangular wave appears at the output* Some other circuit components 
iMJSt be used If the fast retrace of a saw«.ooth wave Is to be generated. 



INPUT 



..Clll 



T 



A C 

0 




Figure 8 

During the next half cycle, the charging and discharging process re- 
peats itself. 
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We may see different shapes of output waveforms, dependent upon- the length 
of the RC time ccmstant. Below are some examples of integrated waveforms 
you may see. 



INPUT 



SHORT 
TIME 

CONSTANT 



MEDIUM 
TIME 

CONSTANT 



MODERATELY 
LONG TtME 
CONSTANT 



+10V 
OV 
-10V 
+10V 
OV 
-10V 
+10V 



1. 



n 




-10V ^ ^ 



+10V 



EXTREMELY 
LONG TIME 
CONSTANT 



+ 10V- 
OV-j 
-10V- 



Figure 9 

Now let's revltw what we know about Integrators* 
L) The output is taken across the capacitor* 

2, ) The RC timexonstant Is long with respect to the Input pulse; 
usually 10 times or more. 

3, ) Ue put a square wave in and get a triangular wave out. 

As you can see, wonders can be done to the output waveform by Just vary 
Ing the length of the time constant* Integrators are used in timing 
circuits, test equipment* communication systems* navigation syi Cams and 
rjdar systems* 
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,Ok«y» now that we've taken an Input signal and integrated lt» 




INTEGRATOR 




Figure 10 



let's^ke an input signal and differentiate it. Integrating a signal 
is like taking It and stretching it out, A differentiator output can 
be Ilka a Volkswagen caught between two Mack trucks squashed. 

We use differentiators to provide a spike or peaked waveform for timing 
or synchronizing purposes. 



if you think about it a minute you can see that differentiation Is the 
direct opposite of Integratim, RC integrators have long time constants 
and the output is taken across the capacitor. differentiators have 
short time constants and the output Is taken across the reslsto^r. 



DiFFERENT«ATOri 




\ 



Figure II 



INPUT 




OUTPUT 



Figure 12 



The time constant of ^ differentiator will be t/IO or less than the 
time of the input pulse width. 
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Let's take our different.ator, give the cotiq>onents some values, ind see 
what happens. Differentiators have very short time constants, scathe 
capacitor will charge to the source voltage almost Instantaneously when 
the Input signal Is first applied. 



B 



INPUT 




100 0 



A D E 



.01tJf<i 




9 p 



TC » RC 6 
= 100 X 01 X 10 
= 1 usee 



Figure 13 

With an RC time constant of I psec and an Input pulse width of 10 psec 

we can see that the RC time Is l/IO of the Input pulse width. This tells 
us we have a differentiator. 




100 0 



.OltiM 



'Figure l^t 
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At time Tl as the Input goes positive (A to B) the capacltdr acts like a 
short circuit and ali the voltage is dropped across the resistor (A to 
B In the output}* 



• 




Figure 15 



You can see that the circuit has a short time constant with respect to 
the Input pulse width* It will charge very quickly to the value of 
source voltage and there will be no output (B to C)* 




Figure 16 



At time T2.when the input goes to zero (C tc D In the input) the voltage 
change across the capacitor Is felt Instantaneously across the resistor* 
The capacitor then discharges very quickly (D to L In the output)* Now 
we'll look at a complete cycle of the Input and see what our output looks 
like* 
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B C F Q 

ml 



A D E 



100 0 



.01 MM 



Fiyure 17 

Remembering Klrchoff $ voltage tew» we know that **The Algebratc sum around 
any closed loop Is equal to zero." We see that the output r .iges from 
<|{V to -5V. The reason for this Is thet after the capacitor Is charged* 
It acts like e source when it discharges. If we calculate the voltege 
drops across each component during eech portim of the cycle we will 
find that the algebreic sum is still equal to zero. 

Ue should knew now that» Uke in integrators^ various weve shapes can be 
obtained by verylng the time constant of our differentiator. Some of the 
wave shapes ym may ^ee ^ represented belo* :: 

^ ' • . TC-iOOm 



TC'lOut 





L lOOv 


3&9v 















TCHOOO^t 



-lODv 









rAAitb 1 



•2Tv 



-fl5» *a«v 



-f73v H5j«N 



Figure 18 
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A fM things to n pe w h u r about a differantUtor are: 

1. Tha output is Ukan across the rasistor. 

2. Tha RC tiiia constant Is short with raspact to the input pulsa 
width; usually I/ID or lass. 

3. Wa put a squara wava In and gat a splka or peakad wavaform out. 

Us havtt saan hom RC Intagrators and diffarantiators oparata. Thara ara 
also intagrators #nd dlffaranttators that use activa davlcas such as 
tubas and transistors to do tha job for us. 

L/ft circuits may also ba saan. An L/r circuit is oftan usad as an 
Intagrator. L/R intagrators hava tha sma function as tha R£ intagrators; 
thay both ^roduca triangular wavaforas. Tha output of an L/R intagrator 
is takah across tha rasistor. 



OUTPUT 



INPUT 



r * ' Figure 19 

Tha raason wo usa an L/R oon^lguratlon is bacausa at low fraquancias In 
an RC natMork* wa would naad to usa such a larga capacitor that It 
wouldn't ba practical. Us could also put a rayisvor In sarias with a 
coupling transfbrmr. He would than have aithar an intagrator or a 
differentiator^ dapan^llng upon tha size of tha resistor. Let's see how 
these L/R circuits operete. ^, 

Remeobar how a coil (inductor) reacts the instent a voluge Is applied^ 
Df course^ it ects HM M open circuit. It ellqws vary little current 
to pass through It end consequently^ elmost ell of tha Input voltage Is 
dropped ecross It. As tlna pesses» tha coil ellows more current to flow. 
Irt tha circuit ar^ the voluge across tha^coil decreases. According to 
Ktrchoff^ whan one voluge in e series circuit dacraasas^ another must 
increase, tf tha voltage ecross the coil decreasaSt tha voltage across 
the rasistor fnust Increase. This ection^ coupled with a long tine 
consunt^ will give us an Ihtegretad output. 
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To sumirtn, lat*$ r«stat« a few points. Integrators have long tlnie con- 
stants. Ten (10) times or more than the Input pulse width* There ere two 
types - - RC knd L/R. In the RC Integretor, the output Is teken ecross 
the capacitor. In the L/R tntegrator, the output Is teken across the 
resistor* 1. :egretors ere wave sheping networks used In switching cir- 
cuits, test equipments, end other electronic circuits. 

We elfto heve L/R diffrrenttetors. An L/R dif ferentletor gives us the s 
output e$ the RC dlfferentletor; a spike or peaked waveform* 

In an L/R dlfferentletor, as shown below, 
O 



INPUT 



OUTPUT 



Figure 20 

the output Is teken ecross the ooll end has a short time constant. 

The oolPs ection wJII allow the^maxtMm Input voltage to a^^ar tn the 
outputs When the Input stops going :fi|j||ltlve (8 to C). 



B C 




D 
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Figure 21 
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tlw wotug* acrost tlw ooll starts to dacroas* vary rapidly dut to tha 
short t\m oomtant; and. you hava a spikod output. 




Wtan tha woitaga across tha cot! »oas In a imativa dlraetloo, a nagatlva 
spikawilt ba obsarvad at tha output (C to D). Mian. tha tnpMt stops 
goiR9 nagativa (D to t), the volUga across tha nil again dacraasas vary 
rapidly to zaro; and wa gat a splkad output. 

Anothar dlffaranca bati*aan W and L/R Intagrators and dlffarontlators Is 
tha twy In which «m fUura tha tiM constant. Whan wa f igura tha tlaa 
constant for an L/R circuit m divlda tha Ir^ucURca hy tha raslstanca, 
Tc • L/R Instead of Multiplying Wk« wa did In the Ri; circuits. 

A fa** things to fiwantsr now about UR Integrator and differentiators jre 

I. The L/R integrator gives us t sawtooth waveform output and the 
output Is taken across tha resistor. 

2.. The L/R differentiator gives us a spike or peaked output and 
Its output is Uken across the Inductor. 

3. integretort have long tine constants with respect to the Input 
pulse width; 10 times or more longer. 

DIfferrntletors have short tima constants with respect to the 
Input 'pulsW width; I/I 0 or less shorter. 

5. When figuring L/R time consUnts we divide the Inductance by the 
resistance. 
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Ue hav« talkad about RC and L/R Integrators land dlfferenjsl^ors. Some 
thing that nay help you rementber the type of output we get fr5m these 
circuits is this little ditty. 

i ■ Integrator ■ sawtooth waveform 

0 - differentiator >^ikes (peaked waveform) 

AT TMiS POiNT, yOU.NAy.TAKE THE LESSON' PROGRESS pHECK. IF yOU» 
MISWCR AU SELF-TEST ITEHS CORRECTLy, PROCEEO TO THE NEXT LESSON. 
IF YOU INCOItRECTLy AitSWER ONLy-A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE COIUtECT ANSWER PAGE WILL REF:ER YOU TO THE APPROPRIATE PAGES, 
PAIUfiMMS, Oft FRANCS SO THAT YOU CAN RESTUOY THE PARTS OF THIS 
LESSON YOU ARE HAVING OiFFICULTY WITH. IF YOU FEEL* THAT YOU HAVE 
FAILEO TO UNi>ERSTANDl.ALL, OR HOST, OF THE LESSON, SELECT ANO USE 
ANOTHER WRITTEN HEOIUN OF INSTRUCTION, AUDIO/VISUAL NATERIAtS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITXNS ON THE PB06RESS CHECK CORRECTLY. 
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